Objectives: This study aimed to determine the prognostic use of the extent of lymph node (LN) involvement in patients with gastroenteropancreatic neuroendocrine tumors (GEP-NETs) by analyzing population-based data.
G astroenteropancreatic neuroendocrine tumors (GEP-NETs) are a diverse group of malignancies that arise from the diffuse neuroendocrine cell system. The incidence of these tumors has increased in recent years, and currently there are approximately 65,000 patients in the United States with GEP-NETs. [1] [2] [3] [4] Patients experience clinical courses that range from relatively slow to aggressive because of heterogeneous tumor biology. In addition to tumor variability, treatment options similarly range from observation to surgical, hormonal, targeted, and systemic therapies. [5] [6] [7] [8] It is vital to accurately stage these malignancies to treat these patients optimally. Along with informing clinical discussions between patients and clinicians, staging allows for more accurate and homogeneous selection of patients for clinical trials.
The European Neuroendocrine Tumor Society (ENETS) and American Joint Committee on Cancer (AJCC) guidelines classify all patients with lymph node (LN)-positive NETs and no distant metastases as stage IIIB. [9] [10] [11] In a number of cancers, the number of positive LNs as well as the ratio of positive LNs to total LNs resected (lymph node ratio [LNR] ) has been shown to provide valuable prognostic information. [12] [13] [14] [15] [16] [17] [18] [19] Moreover, in a study published by our group, higher LNR was associated with worse survival in patients with small intestinal NETs (SI-NETs). 20 We evaluated the prognostic significance of LNR in all remaining GEP-NET sites, specifically the stomach, pancreas, colon, appendix, and rectum.
MATERIALS AND METHODS

Study Population
We used data from the Surveillance, Epidemiology, and End Results (SEER) program from the National Cancer Institute that collects information on cancer in 15 regions, covering approximately 30% of the US population. Patients were included if they were age 18 or older and diagnosed between 1988 and 2011 with pathologically confirmed, surgically resected GEP-NETs of the stomach, pancreas, appendix, colon, and rectum. Patients who were diagnosed after death or had incomplete tumor staging were Surveillance, Epidemiology, and End Results provided demographics on all patients including age, sex, race, and marital status. Surveillance, Epidemiology, and End Results also provided clinical characteristics including location of primary cancer; tumor size, depth, and local extension; involvement of LNs; and distant metastases. This raw data were used to assign stage according to ENETS and AJCC criteria. European Neuroendocrine Tumor Society and AJCC criteria were identical for the stomach, colon, rectum, and appendix. Because AJCC and ENETS staging criteria differ for both the pancreas and the appendix, patients with primaries from these locations were assigned TNM staging according to both guidelines. Tumor grade was assigned according to degree of differentiation, as defined in SEER. Surveillance, Epidemiology, and End Results data were used to classify surgical treatment for each primary site into the following 4 categories: local resection; partial or simple resection; total or radical resection; and resection, not otherwise specified.
We calculated LNR for each patient as the ratio between the number of positive LNs and the total LNs removed during surgical resection. Then, we divided the patients into 3 LNR groups (≤0.2, >0.2-0.5, and >0.5) and a group of LN-negative (N0) patients. These divisions were based on a previous study showing significant differences between each group for SI-NETs.
We used GEP-NET-specific survival as the primary study outcome to evaluate differences in prognosis based on LNR group. Survival time was defined as the duration from date of diagnosis until death or last follow-up (December 31, 2011). Surveillance, Epidemiology, and End Results data were used to determine cause of death. Patients who died from non-NET causes or were alive at last follow-up were censored.
Statistical Analysis
Statistical analysis included comparison of patient characteristics in the 3 LNR groups. The χ 2 test, Wilcoxon rank sum, or analysis of variance as appropriate was used to assess for significant differences in age, sex, ethnicity, marital status, primary tumor site, number of LNs examined, T status, and category of surgical treatment. We used survival analysis to assess the primary outcome of GEP-NET-specific survival time by LNR group. Kaplan-Meier curves for each group were plotted up to 10 years postdiagnosis. Survival between groups was compared using the log-rank test. Cox proportional hazards models were used to find the hazards of NET-specific death in each LNR group compared with the reference population of N0 patients while adjusting for potential confounding variables. We adjusted for age, sex, marital status, race, primary site, T status, type of surgical resection, and number of LNs examined. We performed the same analysis on the subset of patients with available tumor grade, comparing survival by LNR group separately in grade 1 to 2 and grade 3 to 4 NETs. We also conducted a sensitivity analysis wherein we restricted the cohort to patients with at least 5 LNs resected. This was done to assess the influence of patients with small LN resections on our analysis. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC) with 2-sided P values.
RESULTS
We identified 16,598 patients with GEP-NETs of the stomach, pancreas, colon, appendix, and rectum (Fig. 1) . From this initial group, there were 9174 patients with local disease who had 0 LNs examined. We could not determine an LNR for 3103 patients who had LN metastasis but no detailed LN information in the registry including the number of LNs examined or the number of positive LNs. There was incomplete staging information in the registry for 1188 patients. Our final cohort consisted of 3133 patients with GEP-NETs. Among these, 1346 had LN metastasis and 1787 had no LN involvement.
Demographic characteristics for our cohort are listed in Table 1 . The study population was 71% white, 13% black, 9% Hispanic, and 5% Asian. Approximately half of the patients were female. In the final cohort, primary sites in order of prevalence were colon (32% of the total), pancreas (30%), appendix (20%), stomach (11%), and rectum (7%). The median number of LNs resected was 11 (interquartile range, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Of the node-positive patients, 39%, 35%, and 26% had LNRs of 0.2 or less, greater than 0.2 to 0.5, and greater than 0.5, respectively. Across LNR categories, our cohort had similar distributions of sex, marital status, and ethnicity. In contrast, there were differences in mean age at diagnosis, distribution of patients at each primary site, type of surgery, and number of LNs examined.
In our overall cohort, Kaplan-Meier analysis showed that disease-specific survival was different between all LNR groups and progressively worse with higher LNRs (P < 0.0001). Hall-Wellner 95% confidence bands demonstrated minimal overlap of survival between groups (Fig. 2) . Ten-year disease-specific survival was 81%, 69%, 55%, and 50% for the N0, 0.2 or less, greater than 0.2 to 0.5, and greater than 0.5 LNR groups, respectively. In adjusted analyses (Table 2) In site-specific analysis, results were consistent with those obtained in the overall cohort with worse survival among patients with LNRs of 0.2 or less, greater than 0.2 to 0.5, and greater than 0.5 compared with N0 (Table 2) . However, we observed that the LNR less than 0.2 group had similar survival to the N0 group among patients with NETs of the stomach, colon, and rectum. In addition, an LNR of greater than 0.5 was not associated with worse disease-specific survival in pancreatic NETs. In pancreatic and appendiceal GEP-NETs, there were minor differences in AJCC and ENETS classification of T status; however, the HRs were similar for LNR groups in both staging systems.
We also assessed the association between LNR and survival in the subset of GEP-NETs patients with tumor grade data. Increasing LNR was associated with worse survival in well and intermediately differentiated GEP-NETs and in poorly differentiated and undifferentiated GEP-NETs. We additionally conducted a sensitivity analysis limited to patients with at least 5 LNs resected. These results were similar to our original adjusted analysis, which indicates that the survival difference among LNR groups is not driven solely by patients with small LN resections.
DISCUSSION
Predicting outcomes in patients with GEP-NETs is complex. These tumors can be biologically heterogeneous, and outcomes can similarly vary depending on whether the disease course is indolent or aggressive. Although LN status is an important factor in the GEP-NET staging system, current classification does not factor in the extent of LN involvement. In this study, we found an association between increasing LNR and worse survival in nearly all GEP-NETs. These findings, along with our previous data in SI-NETs, 20 indicate that the extent of LN involvement accurately prognosticates patients with GEP-NETs. Further revision of the staging system including LNR status may be warranted to improve the management of these patients. (12) 74 (14) 67 (14) 43 (12) Hispanic 171 (10) 43 (8) 45 (9) 27 (8) Asian 83 (5) 24 (5) 21 (4) 18 (5 SD indicates standard deviation; IQR, interquartile range; NOS, not otherwise specified. Consideration of the LNR may improve our ability to predict outcomes in patients with GEP-NETs. Projections of survival are particularly important for these tumors because of their high variability in prognosis. Survival estimates inform patient care decisions and also provide a basis for stratifying by disease severity in clinical trials. Moreover, the incidence of neuroendocrine tumors is increasing and new therapies are becoming available. 21, 22 Moving forward, more accurate prognostication may aid in the selection of an optimal treatment plan.
Lymph node ratio is a useful metric compared with other prognostic markers because it is readily available, reproducible, and inexpensive in patients who have undergone surgical resection. In comparison, pathologists inconsistently obtain NET grade outside of tertiary or high volume centers. Chromogranin-A, the most common biomarker for tumor status, is informative but is falsely elevated by proton pump inhibitors, a common medication in patients with gastrointestinal pathology. Physical examination and clinical symptoms, if present, are markers of poor prognosis. However, only a minority of NETs cause classic syndromes such as carcinoid or symptoms of bulky disease.
Analyses stratified by tumor site showed relatively consistent relationship between higher LNR and worse disease prognosis, suggesting that the LNR could be applied to all GEP-NETs. However, we did not see a survival difference for LNRs of 0.2 or less in GEP-NETs of the stomach, colon, and rectum compared with the N0 group. These differences may be explained by random variability. In addition, we may have had insufficient power to identify true differences in survival given smaller sample size in some subgroups. Alternatively, these results may reflect true differences in the impact of LNR in certain tumor sites. If further validated, these findings may suggest that different classification systems are needed.
These results should be cautiously applied in the pancreas. In the pancreas, an LNR of greater than 0.5 was associated with no difference in survival from N0 patients. However, the 0.2 or less and greater than 0.2 to 0.5 LNR groups had worse survival than the N0 group. It is unclear whether this is due to a true absence of an effect at higher LNRs or whether we were unable to detect an effect in our sample.
A strength of our analysis was that the SEER registry allowed us to study over 3000 patients with GEP-NETs including detailed information on LN metastasis. Data on demographics, tumor characteristics, and types of surgery were also available to adjust for potential confounders. We had access to sufficient long-term follow-up data to study survival in these commonly indolent tumors. The SEER data are also population based, which improves external validity by limiting referral bias and providing a sample that is more consistent with the US population.
One study weakness was limited information on tumor grade. Current World Health Organization and ENETS classifications rely on the Ki-67 index or mitotic count for GEP-NET grade. 23 Although SEER did not provide data on Ki-67 index or mitotic counts, we used information on differentiation grade to show that LNR retained prognostic significance after controlling for this factor. In addition, there was considerable variability in the number of LNs resected for each patient. When small numbers of LNs are resected, LNR may be less reliable. In this study, however, sensitivity analysis limited to patients with at least 5 LNs resected showed similar results.
A large number of patients were also excluded because of a lack of LN information in the registry. There are currently no guidelines for the number of LNs to resect, and surgeons remove nodes based on clinical judgment. This is a shortcoming of our data; however, it is also reflective of the clinical reality of treating neuroendocrine tumors where surgical resections vary.
In summary, our findings suggest that the extent of LN involvement is associated with survival across most GEP-NET primary sites. Patients with extensive LN metastasis may be considered for more aggressive treatment. In addition, refined data on LN involvement may be used in conjunction with current staging guidelines to give more accurate prognosis for the clinical care and research of GEP-NET patients. 
